Abstract
Introduction
During recent years modern ICT technologies have spawned two interwoven phenomena: gamification and crowdsourcing (CS). Today, multitude of different organizations employ crowdsourcing (CS) as a way to outsource various tasks to be carried out by 'the crowd'; a mass of people reachable through the internet (see [24] ). The rapid diffusion of these technologies can be seen both in industry as well as in the academia [13, 24] . Business analysts have estimated that a majority or at least 50% of organizations have gamified some of their processes by 2015 [14, 26] . As illustrated in Figure 1 , the body of literature on both CS and gamification has been rapidly growing. Moreover, these technologies appear together frequently: crowdsourcing is one of the major application areas for gamification [20] . Naturally, the main goals of CS in general are either cost savings or the possibility to innovate solutions that would be difficult to cultivate in-house. However, CS relies on the existence of a reserve of people that are willing to take on tasks for free or for a small monetary compensation. Along this reasoning, CS tasks are increasingly gamified, that is, organizations attempt to make the work activity more like playing a game in order to provide other motives for working than just the monetary compensation.
However, while the union of these novel technological phenomena seems intuitively appealing, there has still been a dearth of coherent understanding of the use of gamification in CS. Although singular scattered empirical pieces on the topic exist, efforts have not yet been made to collate and synthesize this body of knowledge. Moreover, both CS and gamification can take a variety of forms and it would be short-sighted to assume that differing gamification implementations would function similarly across different CS approaches.
Figure 1. Search hits (Scopus, all fields, CS left axis, gamification right axis)
Therefore, in this paper we conduct a review of studies that have investigated the use of differing gamification implementations across different types of crowdsourcing initiatives. We review the results reported in the analyzed literature, the research methods used and the investigated motivations. Furthermore, we examine how gamification has been implemented to provide insights for designers of gamified crowdsourcing systems.
Background
Crowdsourcing refers to outsourcing work, tasks or problem solving to people online rather than to employees or traditional suppliers [13, 24] . It has been considered to be a particularly useful way to coordinate work for tasks that can benefit from a collective intelligence [37] or that are difficult to process by computers and are therefore outsourced to humans (also see "human computation" [1] ).
Based on Geiger & Schader [15] , crowdsourcing can broadly be categorized into four categories (See Figure 2) . First, crowdsolving approaches use the diversity of the crowd to find a huge number of heterogeneous solutions to a given problem. The value of this approach results directly from each isolated contribution (non-emergent). Crowdsolving is often used for very complex problems (e.g. Foldit, a game based approach to optimize protein folding -see [6] ) or if no pre-definable solution exists (e.g. ideation contests). Second, crowdcreation solutions aim to create comprehensive (emergent) artefacts based on a variety of heterogeneous contributions. Typical examples include all kinds of user-generated content (e.g. Youtube) or knowledge derived from collaborative aggregation (e.g. Wikipedia). Third, crowdrating systems commonly attempt to harness the so-called "wisdom of crowds" [51] to perform collective assessments or predictions. In this case, the emergent value arises from a huge number of homogeneous "votes" (e.g. NASA Clickworkers, at which the clicks/votes of a crowd were used to identify craters on asteroids [31] ). Fourth, crowdprocessing approaches rely on the crowd to perform large quantities of homogeneous tasks. Identical contributions are a quality attribute for the validity of the work. The value is derived directly from each isolated contribution (non-emergent) (e.g. Mechanical Turk or Galaxy Zoo [38] ).
Since an active crowd of participants is crucial for successfulness of crowdsourcing, the motivation of the crowdsourcees is of great importance. Although a relatively large amount of research has been done in the area of crowdsourcing, only a small portion of studies actually investigates participants' motivation [57] . Existing studies have showed that there are several reasons for people to participate in crowdsourcing and related online work, ranging from intrinsic to extrinsic motivations [21, 32, 50, 58, 59] . For example intrinsic motivation, created by tasks that allow the participant to be creative and experience autonomy, to develop own skills and feel competent, to enjoy pastime or to achieve social recognition, can in some cases dominate extrinsic motivation evoked by financial payoffs or external social reasons [32] . Further, task characteristics [32, 59] , task granularity [58] or perceived motivational affordances [58] can have an influence on the individual's motivation. Therefore, one major challenge in motivating people to participate is to design a crowdsourcing system that promotes and enables the formation of positive motivations towards CS work as well as fits the type of the activity. For instance, whereas some crowdsourcing approaches aim for systematically derived contributions, other crowdsourcing types may call for incentive structures that promote creativity. In other words, as the CS activities can differ dramatically, so can the means by which to motivate crowdsourcees in a given CS initiative.
In the area of incentive design in information system field, one of the most popular developments in recent years has commonly been titled as gamification [18, 20] . Gamification refers to design that attempts to, firstly, increase the intrinsic motivation of users or participants to engage in a given activity or behavior and, secondly, to increase or otherwise change the given behavior. The term of gamification stems from the notion that games if anything are a pinnacle form of hedonic self-purposeful systems [19] . Most gamification applications borrow design patterns from (video) games and, consequently, aim to give rise to similar experiences as games commonly do, e.g: feelings of mastery, autonomy, flow, suspense etc. (see e.g. [25] ). If we consider gamification in the context of CS, gamification can be seen as an attempt to redirect crowdsourcees' motivations from purely rational gainseeking to self-purposeful, intrinsically motivated activity: "Transforming Homo Economicus into Homo Ludens" [17] . In other words, elements known from games act as motivational affordances [25, 29, 56] for the intrinsic motivations. Points, badges, leaderboards, avatars, and stories are some of the most often used motivational affordances in gamification [20] . Previous literature has conceptualized gamification into a few main aspects: 1) the design (affordances), 2) the psychological mediators/outcomes of gamification, and 3) the (behavioral) outcomes of gamification [25] . Existing empirical works also suggest that contextual factors [17] and factors related to user have an effect [34] .
Literature review process
Following the guidelines of Webster & Watson [54] and Ellis [11] , the analysis procedure started by a literature search. We decided to use Scopus database as our source of data, as it is the largest abstract and citation database of scholarly literature [12] . Scopus includes, for example, the AIS, ACM, IEEE and Science Direct libraries among many others.
As in this study we are particularly focusing on the use of gamification in crowdsourcing, the literature search in the Scopus database was conducted using the search query TITLE-ABS-KEY(GAMIF* AND CROWD*). The search resulted in all Scopus entries that include any permutation of the terms gamification and crowdsourcing in the entry metadata (title, abstract or keywords). We intentionally limited the search to the metadata since searching for the terms in all the text would result in a relatively large amount of false positives as many papers refer to gamification and/or crowdsourcing in passing. The search procedure was undertaken in March 2015.
The search query resulted in 50 hits. These 50 papers were then screened for inclusion and relevance using the following criteria: 1) The full paper can be acquired, 2) paper is in English (and has been published on an international venue), 3) the paper is about gamification and crowdsourcing instead of the terms just being mentioned in the metadata, 4) the paper is not a duplicate reporting the same study in several papers, and 5) the paper contains empirically derived results.
Of the initial 50 hits, one paper was excluded due to the full paper not being available, and one paper due to not being in English. Furthermore, four papers were excluded from the review due to criterion 3). Moreover, one duplicate was found. [39] and [40] describe the same experiment and report similar results. Therefore, we have merged the information of the two papers and handle it in the analyses as one entity ( [40] ). Also [42] and [46] analyze the same case, but these papers were not considered duplicates due to the fact that different data was gathered, differing methods were used and consequently, different results were reported. Finally, 28 papers matching the criteria were identified for the review.
In the second step (see [54] ) of the literature analysis, the included papers were coded. Two researchers carried out this process independently. After coding the two individual sheets were compared, discussed and combined. Information of all the papers pertaining to A) crowdsourcing (crowdsourcing type (see [15] ) and financial incentives), B) gamification (affordances, psychological mediators/outcomes, behavioral outcomes (see [20] ) and scoring rules) and C) results of empirical studies were gathered.
In the third step, the 28 empirical papers included in the review were further categorized as either containing results regarding the effects of gamification or not containing any results about the effects of gamification. In the latter case, the papers simply described a gamified crowdsourcing implementation.
Results

How gamification is used?
The reviewed body of literature employed 11 types of gamification affordances 1 , which indicates that gamification is used in a variety of ways in CS (see Table 1 ). However, points (in 22 cases) and leaderboards (in 20 cases) were clearly the most implemented gamification mechanics. Commonly, these two affordances were combined to create competition between the participants. Understandably, our results indicate that points and scores are employed in CS contexts where the task is more easily enumerable such as crowdprocessing and crowdrating, and which strive for a large number of homogenous contributions. The richest employment of gamification with the largest variety of affordances can be found in solving-related CS work, whereas crowdprocessing and crowdrating are more focused on simpler forms of gamification such as points and leaderboards. CS types of crowdcreating and crowdsolving differ from crowdrating and crowdprocessing in that the participation depends on a variety of heterogeneous contributions. Crowdsourcing related to creative and diverse contributions therefore might benefit from more manifold gamification solutions.
CS types of creating and rating differ from solving and processing in that the end-goal of the crowdsourced work is an emergent value from the collective of contributions. Therefore, it could be assumed that designers of gamified CS systems with emergent outcomes would rather use cooperative gamification designs compared to designs of nonemergent approaches. When analyzing the affordances used between these types, no notable differences could be found however. Competition-based designs with points and leaderboards that encourage individual work rather than cooperative work were used very often in crowdprocessing, solving and rating approaches. However, the scoring approaches differed based upon how points were awarded and from which actions they could be earned. In crowdprocessing approaches, where the sheer number of contributions is more important than quality [15] , users were commonly rewarded from general participation (e.g. number of completed tasks [28] , number of correct answers [27] , 1 For the analysis how gamification is used in CS, we collected and categorized the affordances mentioned in the reviewed studies. It is noteworthy that we did not evaluate how a certain affordance was implemented in any given study but instead relied on what was reported in the reviewed papers and categorized the elements based on the information provided by the authors. Neither did we compare the affordances reported across the studies. Therefore, variance is bound to exist within the reported affordance categories.
or number of visited locations [52] ). Whereas in crowdrating approaches, where the output is more emergent, users were rewarded from the quality of the contributions (e.g. from quality of contribution rated by others [9] , similarity/agreement with contributions of other crowdsourcees [10, 16, 22, 47] ). In crowdsolving approaches both forms occurred equally (e.g. number of completed tasks [40, 55] , quality of contribution rated by others [35, 53] ). Unfortunately, the small amount of studies investigating gamification in the crowdcreation approaches limits the identification of a clear pattern in their gamification implementations.
In addition to different kinds of point awarding logics, the points and scoring affordances were combined with further elements in diverse ways across implementations; they were used in combination with for instance, time limits (e.g. [22, 30] ), they were used as a basis for calculating the level of crowdsourcees (e.g. [36, 47] ), with the ability to compare them between peers and teams (e.g. [36, 47] ) as well as with badges and missions to visualize specific goals (e.g. [2, 35, 42, 46, 53] ).
In most of the studies the incentive system was solely based on gamification (Table 1) . Some studies additionally employ financial rewards, e.g. a small monetary compensation or a prize for the leaders on a high score list, to motivate the participants. Although studies suggest that extrinsic rewards (such as money) can potentially crowd-out intrinsic motivation ( [7, 8] ), [42] and [46] found in their experiment that gamification in combination with financial rewards can in fact increase the participation when compared to gamification alone. However, the authors investigated this only in the short-term and indicated that financial rewards in comparison to gamification may reduce the participation in the long-term. [28] , [30] , [35] , [36] , [40] , [41] , [43] , [44] , [45] , [47] , [48] , [49] , [52] , [53] , [55] [3] , [27] , [33] , [36] , [44] , [52] [9], [10] , [16] , [22] , [30] , [41] , [42] , [46] , [47] [23], [35] 1 , [40] , [53] , [55] [45], [49] 22 leaderboards/ rankings [3] , [27] , [28] , [33] , [36] , [52] [4], [9] , [10] , [16] , [22] , [42] , [46] , [47] [23], [35] , [40] , [53] , [55] [ Furthermore, [27] indicates that the output quality of paid CS can be worse. Considering how gamification is implemented in CS (see Table 2 ), it seems that monetary rewards have been used in implementations with simple gamification designs, mainly together with points and leaderboards.
Does gamification work?
All of the empirical studies on the effectiveness of gamification in CS report that gamification has a positive impact on CS work (Table 3) . Most studies that directly compared a gamified and non-gamified approach (e.g. [10, 16, 28, 33, 36, 40, 44, 53] ) report several positive effects, like the increase of (long-term [36] ) engagement [10, 28, 33, 36, 44, 53] , quality of the output [10, 16, 36] and reduction in cheating compared to traditional paid CS [10] . However, gamification does not necessarily lead to an increase in participation. One study measured very small differences compared to a control group without gamification ( [42] ). In addition to the above studies that employed direct comparisons, five studies reported positive results based on the users' perception of the gamified crowdsourcing system [2, 9, 35, 47] or based on the measured user engagement [45] . These, mostly descriptively reported results, show no effects of gamification per se, but can be seen as positive indicators for the acceptance of gamification in context of CS.
Nearly all of the analyzed papers measure the effectiveness of the gamified system by measuring behavioral outcomes such as participation or willingness to contribute as the dependent variable. In all empirical studies the quality or quantity of the dependent variables were measured by collecting log data or conducting a survey. Several studies were also analyzing psychological outcomes. Table 4 gives an overview to the literature in which results about psychological outcomes were reported. The psychological outcomes were not commonly measured using comprehensive measurement instruments; instead, they were mostly examined by simple questionnaires, qualitative observations, or the observations of how participants behaved was used as a proxy for psychological aspects. Currently, not a single study has used validated psychometric measurement instruments. Only one study ([5] ) seemed to have used a validated measurement construct for the experience of fun. [5] , [9] , [10] , [28] , [35] , [40] , [42] , [44] , [46] , [49] 
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-motivation [2] , [10] , [28] , [33] , [40] , [42] , [44] , [46] -attitude [2] , [28] , [46] -fun/enjoyment [2] , [5] , [9] , [35] , [49] Behavioral [2] , [5] , [9], [10] , [16] , [22] , [23] , [27] , [28] , [30] , [33] , [35] , [36] , [40] , [42] , [44] , [45] , [46] , [47] , [49] , [52] , [53] , [55] 23 1 References in bold refer to studies in which empirical results about gamification have been reported.
Recommendations for gamifying crowdsourcing systems
This review points to several recommendations for CS developers for using gamification. In the review we analyzed several types of studies that investigated the use of gamification in CS: 1) studies in which controlled experiments were conducted and detailed gamification design results thus provided (see Table 3 col. "Design studies"), as well as 2) studies reporting concrete implementations of gamified CS systems. In this section we describe what kinds of recommendations can be derived from the synthesis of literature on gamification in CS.
Points / scores: Nearly all of the examined systems use a metric (e.g points or scores) as a core element to reward measureable events in the human-system interaction. Due to this, we further analyzed the scoring mechanism used in the papers. Table 5 summarizes the findings clustered along the crowdsourcing types.
Rankings / leaderboards:
The empirical findings indicate that rankings seem to be very effective to motivate certain users of a crowdsourcing community to contribute a lot by [36] . However, several studies show that the concrete design of a leaderboard has effects on the participation (in context of crowdprocessing [27, 36] and crowdrating [42, 46] ). Based on these findings, [27] recommend short-term leaderboards, because "all-time" leaderboards can demotivate low-ranked participants and novices, for which the top seems impossible to reach. Studies by [42, 46] showed that long-term leaderboards can lead to demotivation and possible negative effects on the overall outcome of the crowdsourcing. The design of a leaderboard implementation seems therefore highly context dependent. [36] notes that many crowdsourcing approaches follow the "90-9-1" participation rule, implying that only 1% of the users perform almost all of the actions, and consequently, long-term leaderboards might also be suitable for many CS implementations. Table 5 : Score design patterns for CS types Homogenous non-emergent tasks are easily enumerable. Therefore, most crowdprocessing approaches reward the quantitative number of fulfilled tasks. This simple mechanism is usually combined with further affordances like level systems and/or public leaderboards to achieve a (self-or other-) competitive engagement [27, 36] . However, leaderboards should be used carefully, empirical studies on the use of leaderboards in crowdprocessing systems showed positive and negative results [27, 36] .
In case of crowdrating the individual contributions represents a vote on a given topic. As an aggregation of these votes a collective value emerges [15] . Therefore not only the quantity, but also the quality is rewarded in most gamified crowdrating cases. Scoring mechanism, which set the quality of a contribution in context of the emergent outcome (e.g. degree of agreement with contributions of other crowdsourcees) are used to motivate users to emulate others and to "think and act like the community". Similar to processing this mechanism is often combined with leaderboards (see Table 1 ) or time pressure [10, 22, 30] to create a competition-based setting.
Crowdsolving tasks strive for heterogeneous, non-emergent participations, which could be very diverse and therefore hard to value by technical solutions. Based on the concrete problem, task and implementation scoring mechanism that reward the quantitative participation or the quality of the output could be suitable. This is very contextual and depends on the possibilities to measure task fulfillment and/or task quality in a concrete use case. However, [5] provide first empirical results about reward design in crowdsolving approaches. They showed in an experiment that explicitly expressed gamification rewards before a crowdsolving task phase can increase the quality of the CS work and the engagement of crowdsourcees. Furthermore, engagement can be increased by implementing an open chance to achieve greater rewards dependent upon the quality of their work.
On a general level, crowdcreating systems aim at producing collaborative values by diverse and creative contributions. In such systems, gamification can be used to motivate users towards, for example, cooperation and creativity. Since only few studies could be found on gamification in crowdcreation systems, no actual design patterns based on data can yet be described. However, as the approach aims at gathering diverse contributions, implementing gamification in various forms instead of, for example, merely points and badges and promoting cooperation rather than competition could potentially be beneficial for reaching the common goal Level systems: The empirical findings of [36] indicate that differences might exist between gamification designs with level systems that motivate by visualizing individual achievements and public participation rankings, which encourage workers to compare their effort with others. The results indicate that social achievements seem to be slightly more effective than personal level systems.
Manifold gamification approaches:
Several examples use rich gamification designs with a diverse set of affordances (see Table 1 ). [42, 46] propose to mix several motivational affordances for different target groups to increase the overall outcome, which could be particularly important in crowdcreating and solving systems that benefit from the diversity of the participants. However, the experiment of [36] indicates that adding more motivational affordances does not always increase the motivation, especially in homogenous scenarios like crowdprocessing. Little knowledge is available so far, to explain effectiveness of affordances for specific user groups. Only [28] examined different target groups and showed that gamification does work for young and senior crowdsourcees, whereby competition-based gamification might be more effective for young rather than old participants. Several studies [27, 28, 36, 42] argue for the importance of intrinsic motivations like altruism or curiosity. Sustainable gamification designs should therefore be geared to user needs, suggesting more diversity than just points and leaderboards.
Conclusions
There has been a large variety of literature examining a wide array of different gamification implementations in all of the four types of CS initiatives. The literature seems to be unanimous; gamification seems to indeed work with majority of configurations and pairings with different CS types (crowdprocessing, -rating, -solving, and -creating).
The empirical studies comparing gamified with nongamified approaches report an increase in engagement, output quality or other positive effects.
The literature, however, at this early stage is still quite scattered and not enough research has been conducted to draw clear conclusions as to which specific implementation would work better or worse in certain situations. It is clear that contextual factors and factors related to crowdsourcees play a role, but as to what extent and how is still unclear. Nevertheless, it is not an easy task to design gamification as also witnessed by the studies in the review. When designing an information system that attempts to affect human motivations and behavior, developers will inevitably end up with a complex design challenge.
What our study does show is that there are differences as to how gamification has been employed across different CS archetypes. Crowdsourcing initiatives that provide more monotonous tasks most commonly used mere points and other simpler gamification implementations, whereas in CS initiatives that seek for more diverse and creative contributions have employed gamification in more manifold ways employing a richer set of affordances (see Table 5 ). Regardless, points and leaderboards were clearly the most popular motivational affordances used in all four forms of crowdsourcing systems to create competition between the participants. Several limitations should be noted both in the scope of this review as well as in the reviewed body of literature: 1) only few studies measured psychological aspects with rigorous measurement, 2) only few studies had carried out full experiments with control groups, 3) many studies clump multiple gamification mechanics in one and make it difficult to control from where the effect stems from, 4) gamification designs promoting cooperative behavior have been studied only in few cases, 5) due to the novelty of the phenomena the body of literature is limited and the topic has not yet been frequently addressed in high quality journals, and 6) the scope of this review was focused on studies investigating gamification particularly. However, it is possible that related research has been conducted also under other conceptual developments such as serious games, games-with-a-purpose, human-based computation games or persuasive technology. Conscious about these limitations, further studies on gamification (and crowdsourcing) should attempt to avoid them.
